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Abstract The metastable ^F7/2 and '^1)3/2 states of 
Yb"*" are of interest for applications in metrology and 
quantum information and also act as dark states in 
laser cooling. These metastable states are commonly 
repumped to the ground state via the 638.6 nm ^F7/2 
- iD[5/2]5/2 and 935.2 nm ^Dg/a - 3D[3/2]i/2 transi- 
tions. We have performed optogalvanic spectroscopy of 
these transitions in Yb^ ions generated in a discharge. 
We measure the pressure broadening coefficient for the 
638.6 nm transition to be 70±10 MHz • mbar^i. We 
place an upper bound of 375 MHz/nuclcon on the 638.6 
nm isotope splitting and show that our observations are 
consistent with theory for the hyperfine splitting. Our 
measurements of the 935.2 nm transition extend those 
made by Sugiyama et al, showing well-resolved isotope 
and hyperfine splitting Ij. We obtain high signal to 
noise, sufficient for laser stabilisation applications [2]. 
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1 Introduction 

The singly ionised ytterbium (Yb) atom has come un- 
der close interest for applications in a number of fields, 
including ion trap quantum computing and trapped ion 
optical frequency standards. Both of these areas provide 
motivation for investigation of the atomic structure of 
ytterbium ions. In this work, we study transitions from 
metastable states in Yb+ that are important to both 
of these applications. Transitions in atoms with com- 
plex electronic structure, such as Yb"*" are a challenge 
to understand solely through theoretical calculations, 
thus necessitating experimental research to form an ac- 
curate picture of these electronic transitions. 

The ^Si/2 — ^F7/2 electric octupole transition in Yb+ 
is of particular interest for applications as an optical fre- 
quency standard [31lll[51[51[7] . The excited state sponta- 
neous emission lifetime of the transition is estimated to 
be on the order of 6 years . This remarkably long life- 
time results in a natural transition linewidth on the or- 
der of nHz which provides an excellent basis for a highly 
accurate atomic clock transition. The clock laser excites 
ions into the long-lived ^F7/2 state, which is repumped 
to the ground state via the highly excited ^D[5/2]5/2 
state. Taylor et al. investigated the alternative 3.43/Ltm 
^7/2 ~ ^05/2 transition, finding it to be many times 
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weaker than the 638.6 nm ^F 
[SI. 

The principal laser cooling transition for Yb+ in an 
ion trap is the 369.5 nm ^Si/2 ^ ^Pi/2 transition. How- 
ever the ^Pi/2 state has a branching ratio of 0.5% to 
decay into the metastable ^03/2 state |5], necessitating 
repumping via the 935.2 nm ^03/2 - ^D [3/2] 1/2 transi- 
tion to return the ion to the ground state, as shown in 
Figure IT] In general, trapped ions that are repumped 
by 369.5 nm and 935.2 nm light will be kept within the 
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Fig. 1 Energy level diagram for Yb+. The 638.6 nm '^^-ji^ ^ 
1D[5/2]5/2 and 935.2 nm ^Dg/a - ^D[3/2]i/2 transitions stud- 
ied in this work are shown in red. The 369.5 nm ^81/2 ^ ■^Pi/2 
transition, used as principal laser cooling transition, has a 0.5% 
branching ratio to decay to the metastable ^03/2 state l^. Dur- 
ing trap operation, collisions with residual background gas may 
also cause an ion to reach the metastable '^FyM state [10) . Ions 
that fall into one of these 'dark' states must be repumped to the 
ground state via the 638.6 nm or the 935.2 nm transition. 



cooling cycle. However, over long periods of operation 
collisions with residual background gas may also cause 
an ion to reach the metastable ^F7/2 state [TO] . Ions in 
this state have fallen outside the range of the normal 
cooling cycle, and will remain in a 'dark' state until 
returned to the ^Si/2 state [H]. Despite the low rate 
of such occurrences, if the ions cannot be effectively 
isolated from collisions with an adequate vacuum pres- 
sure, then pumping of the ^F7/2 ~ "'^D[5/2]5/2 transition 
must be performed in order to return ions that reach 
this dark state to the cooling cycle. 

Due to the need for lasers to repump ions to the 
ground state from the metastable states discussed above, 
it is also important that these lasers can be stabilised to 
the transitions in question in order to counter the effects 
of frequency drift. We have previously demonstrated 
long-term absolute frequency stabilisation to ions in a 
discharge by employing the dichroic atomic vapor laser 
locking (DAVLL) method 0. 

The frequency shift of the transition due to the hy- 
perfine structure and isotope of Yb+ is important when 
tuning or stabilising a laser to the transition. Also, due 
to the difficulty of theoretical predictions of such shifts 
on excited to excited state transitions such as this one, 
experimental determination of the shifts can provide a 



useful test of the theoretical methods that can be used 
to predict them. Thus it is necessary to perform spec- 
troscopy in order to determine the relevant isotope shift 
and hyperfine structure constants. 

Optogalvanic spectroscopy is an alternative method 
for investigating ion transitions in a discharge. The elec- 
trical properties of the plasma are dependent on the 
electronic state populations of atoms and ions in the 
plasma. When the plasma is illuminated by a laser res- 
onant with a transition, the change in plasma resistance 
yields a measurable signal. This method allows for elec- 
trical detection of atomic transitions, resulting in far 
greater sensitivity than optical methods such absorp- 
tion. This provides a particular advantage in studying 
transitions from metastable states such as we do in this 
paper, where the spectroscopic signal can be quite weak 
due to the limited population of these states. The nec- 
essary metastable states can be populated by collisions 
in the discharge [T2 l ll3 j . 

In this paper we measure the optogalvanic spectra of 
the 638.6 nm ^Fy/a - ^D[5/2]5/2 and 935.2 nm 2D3/2 - 
•^D [3/2] 1/2 transitions. We also provide a bound on iso- 
tope splitting for the 638.6 nm transition and show that 
the hyperfine constant is consistent with theory. We in- 
vestigate the broadening processes present in both sets 
of spectra, eliminating pressure broadening of the 638.6 
nm line in order to improve our measurement. In the 
case of the 935.2 nm transition, we obtain well-resolved 
isotopic and hyperfine lines, extending the measure- 
ments made by Sugiyama et al [T]. 



2 Experimental Method 

We performed optogalvanic spectroscopy in Yb hollow- 
cathode lamps containing Ne buffer gas at pressures of 
6.7 mbar and 0.67 mbar. All hollow-cathode discharges 
used had the same geometry. The 6.7 mbar discharge 
was generated in a sealed Hamamatsu L2783-70NE-YB 
hollow cathode lamp, and was used to perform spec- 
troscopy on both metastable transitions of interest. 

A second purpose-built discharge was prepared in- 
side a vacuum chamber, intended to allow for variation 
in the buffer gas pressure within the discharge with the 
purpose of operation at 0.67 mbar. This was done in or- 
der to see an expected 10 x reduction in pressure broad- 
ening. The chamber was evacuated directly by a rotary 
vacuum pump and vacuum pressure was monitored by a 
thermocouple gauge, sensitive down to 10~^ mbar. Af- 
ter evacuation, the chamber was baked at 180°C over 
a period of 2-3 days. At this point, a base pressure of 
0.013 mbar was attained. A noble buffer gas was then 
able to be introduced via a needle valve. The buffer gas 
pressure was monitored with a thermocouple gauge. 
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Fig. 2 Schematic of setup used for optogalvanic spectroscopy. Laser diodes tuned by current and temperature to be on resonance witii 
638.6 nm and 935.2 nm transitions, witli fine and course frequency reference from etalon and wavelength meter respectively. Optical 
isolation is present immediately after the laser. The laser beam is amplitude modulated by an acousto-optic modulator (AOM). Both 
6.7 mbar and 0.67 mbar discharges were used. The signal due to laser excitation is filtered and demodulated by the lock-in amplifier. 



Sanyo DL5038-021 laser diodes were tuned for use at 
638.6 nm using temperature and operating current. Be- 
haviour close to the desired wavelength varied largely 
from diode to diode. The diodes were operated with- 
out an external cavity, running single-frequency with 
a linewidth less than 30 MHz, where the output was 
optically isolated to prevent optical feedback and dam- 
age to the diode. A Fabry-Perot etalon with an FSR of 
300 MHz was used as a relative frequency reference to 
measure the frequency splittings and peak widths of the 
measured spectrum. Absolute wavelength measurement 
for tuning purposes was performed using a HighFinesse 
WS5-332 Wavemeter with ±0.001 nm accuracy. The im- 
plementation of the setup for optogalvanic spectroscopy 
followed the schematic shown in Figure [2j 

The 935.2 nm spectroscopy setup was similar to that 
for the 638.6 nm line. A single mode tuneable external 
cavity laser was constructed with an Axcell Photonics 
laser diode (M9-935-0200-S30) and a 1200 g/mm holo- 
graphic grating. The frequency was continuously tune- 
able over a range of 13.7 GHz by tuning the external 
cavity length with a piezo-electric actuator and syn- 
chronously varying the laser diode current. The laser 
spectral mode quality was monitored with a confocal 
Fabry-Perot spectrometer with a free spectral range of 
478 ±8 MHz and a finesse of 11. The observed spectrum 
bounds the 935.2 nm laser linewidth to below 50 MHz, 
though linewidths of a few MHz are typical for this 
laser configuration. The absolute wavelength was mea- 
sured with a Burleigh WA-1100 Wavemeter (accuracy 
±0.001 nm). The 935.2 nm light was fibre coupled for 
delivery to the sealed discharge lamp. This provided 19 
mW of 935.2 nm power at the discharge lamp in a laser 



beam spot with a diameter of 1.70 ± 0.02 mm (1/e^), 
corresponding to a maximum intensity of 1.674 ± 0.039 
W • cm^^. 

In order for the optogalvanic signal to be distin- 
guished from the electronic background noise, the op- 
tical beam was modulated at a set reference frequency 
using either amplitude or frequency modulation. We 
demodulated the signal using lock-in detection. A sig- 
nificant advantage of this method is that it allows for 
removal of 1// noise, which would otherwise dominate 
the signal, allowing a high signal-to-noise ratio to be 
obtained. In these experiments we chopped the beam 
with an acousto-optic modulator (AOM), switching the 
beam intensity between zero and maximum intensity. 



3 Results for 638.6 nm ^Fr/a ^D[5/2]5/2 
transition 

We obtained optogalvanic spectra from discharge lamps 
operating with a discharge current of 3 mA at 6.7 mbar 
and 2 mA at 0.67 mbar, for which the maximum signal 
amplitude was obtained. The 638.6 nm laser power used 
at the lamp was 10-13 mW, chopped at a modulation 
frequency of 10 kHz. The signals for both the sealed 
6.7 mbar discharge and the low-pressure 0.67 mbar dis- 
charge with Ne buffer gas are shown in Figure [3] 

The linewidth of the signal obtained at a buffer gas 
pressure of 6.7 mbar was found to be approximately 
1.9 GHz (FWHM). The observed linewidth decreases 
to approximately 1.5 GHz as the pressure is reduced to 
0.67 mbar. There is some structure in the low-pressure 
peak that could be attributed to the splitting of the 
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Fig. 3 Optogalvanic spectra of the 638.6 nm ^Fy^ — ^ D[5/2]5;2 transition line in Yb+, as observed in Yb+ discharges with 6.7 mbar 
(blue line) and 0.67 mbar (red line) of Ne buffer gas. The spectra are normalised for ease of comparison. The reduction in signal 
linewidth from 1.9 GHz at 6.7 mbar to 1.5 GHz at 0.67 mbar is attributed to pressure broadening. 
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Fig. 4 The relationship of optogalvanic signal amplitude to optical intensity for both pressure levels. Blue colouring and upward tri- 
angles denote the measurements taken at 6.7 mbar Ne buffer gas pressure, whilst red and downward triangles denote the measurements 
taken at 0.67 mbar. The broken lines denote the fitted saturation curves. For ease of comparison, the signals are normalised to have 
equal slope near zero optical power. 



638.6 nm line. The frequency axis of the plots is deter- 
mined by taking the frequency spacing of Fabry-Perot 
transmission peaks to be equal to the Fabry-Perot FSR. 
The optogalvanic signal amplitude was measured 
for a range of optical powers producing the saturation 
curve shown in Figure HI A pure pressure broadening 
model predicts a signal at maximum amplitude of the 
form 
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(1) 



to describe the effect of saturation on the optogalvanic 
signal, where the saturation parameter s = -5^ is the 
ratio of optical intensity to the saturation value and Vgig 
is the signal amplitude |14| . The saturation intensity 
Is is dependent on the homogeneous linewidth Fh as 
shown by 



Is 



2TT^hc 



-Fh 



(2) 



where the homogeneous linewidth varies linearly with 
the pressure P according to the Stern- VoUmer equation 
Fh = Fq + aP for constants Fq and a [15. . 

Figure [4] shows experimental data on the saturation 
of optogalvanic response. The signals were fitted with 
Equation M and the slopes near zero intensity have 
been normalised for ease of comparison. The measured 
optical power is combined with the beam waist size wq 
inside the discharge to give the optical intensity, and 
hence allow calculation of the saturation intensity Ig 
for each measured curve. 

A beam profiling camera was used to find the 1/e^ 
beam radius wq inside the 6.7 mbar discharge to be 
730 /im, resulting in an estimated saturation intensity 
of 0.37 ± 0.03 W • cm-2. The 0.67 mbar discharge had 
a saturation intensity of 0.16 ± 0.02 W • cm~^ from 
the fitted saturation curve, where the measured beam 
waist Wq was 1.01 mm. As the effects of inhomogeneous 
broadening on the saturation behaviour cannot be ruled 
out, these values for the saturation intensity are upper 
bounds. 

Using Equation (pi) and the calculated saturation 
intensities gives maximum homogeneous linewidth esti- 
mates of 0.74±0.06 GHz for the 6.7 mbar discharge, and 
0.32 ± 0.04 GHz for the measurements of the 0.67 mbar 
discharge. The difference between the lincwidths in the 
high- and low-pressure discharges is 0.42 ± 0.08 GHz, 
which agrees with the difference in total linewidths mea- 
sured from the spectra. This gives values for the Fq 
and a coefficients, such that Fq = 0.27 ± 0.07 GHz and 
a = 70 ± 10 MHz • mbar"^ The value for Fq is the re- 
maining broadening not induced by pressure, whilst a 
is a property of the discharge and buffer gas used. 



The vacuum system used to construct the low- 
pressure discharge allowed for use of different buffer 
gases in place of Ne. Ar buffer gas was shown to gen- 
erate Yb+ ions, using a UV spectrometer to observe 
fluorescence from the 369.5 nm line to confirm this for 
our apparatus. However whilst Martensson-Pendrill et 
al. demonstrated optogalvanic spectroscopy of the 369.5 
nm ^Si/2 - ^Pi/2 line using Ar buffer gas pjj, we were 
unable to observe an optogalvanic signal from the 638.6 
nm transition. No such issue occurred with a Ne buffer 
gas, allowing for both Yb"*" generation and the expected 
optogalvanic response. The strong Ne* transition line at 
638.47 nm near the 638.6 nm Yb"*" transition did not 
appear to compromise the measurement. We observed 
a DC offset in the optogalvanic response at the 638.6 
nm line, attributed to the wings of the extremely strong 
Ne* line. 



4 Results for 935.2 nm ^Dg/a - ^D[3/2] 
transition 
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An optogalvanic spectrum with resolved isotope split- 
tings was measured for the ^03/2 - '^D [3/2] 1/2 transi- 
tion at 935.2 nm in the sealed discharge lamp. Overlap- 
ping spectra were taken to measure the response over 
the 25.4 GHz span from 935.159 to 925.233 nm. Figure[5] 
shows a 10 GHz span encompassing the observed peaks, 
taken with 18 mW of 935.2 nm laser power and ampli- 
tude modulated at 20 kHz. In these measurements, the 
optogalvanic signal increased monotonically with cur- 
rent, so the maximum rated lamp current of 10 mA was 
used. The four predominant peaks occurred at wave- 
lengths of 935.173, 935.180, 935.187, and 935.197 nm. 
No peaks were observed outside of the region shown in 
figure [5] and the spectra is in qualitative agreement with 
previously published work [1]. The hyperfine structure 
of Yb+ 171 and 173 can be seen to overlap with the 
peaks from 174,172, and 170. From measurements in 
trapped ions [T7] the Yb+ 172 transition is known to 
be only -110 MHz from the F = 1 - F' = tran- 
sition of Yb^ 171. Combined with the known hyper- 
fine splitting of Yb"*" 171 allows the assignment of these 
features. A FWHM of 535 ± 7 MHz was measured on 
the 176 peak and is representative of the single iso- 
tope broadening. This peak is free from distortions in- 
duced by overlap between peaks due to the hyperfine 
splittings in Yb^ 171 and 173. The integrated opto- 
galvanic signal over the Yb+ 176 peak is 12 ± 1% of 
the total integrated signal, consistent with the natural 
abundance of 12.7%. Other peak assignments were ver- 
ified through a combination of known wavelengths and 
hyperfine splittings from trapped ion experiments and 
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Fig. 5 Optogalvanic spectrum of the '^03/2 — '^D[3/2]x/2 transition in Yb+ at 935.2 nm in a sealed discharge lamp. Laser detuning 
is with respect to the Yb+ 176 peak. The discharge lamp was run at its maximum rated current of 10 mA. The observed 176 
Yb"*" peak FWHM linewidth is 535 it 7 MHz. The laser illuminated the lamp with 19 mW of light and a maximum intensity of 
1.674 lb 0.039 W ■ cm~^. Locations for Yb+ 173 peaks are estimates from the total integrated signal weighting and the predicted 
location of the transition ccntroid from the isotopic shift trend. 



weighting based on natural abundance and Clebsch- 
Gordon coefficients. We measure a splitting between 
the 174/172 peaks of 2.39 ±0.01 GHz and a splitting of 
2.33 ±0.01 GHz between the 174/176 peaks. This gives 
an average isotope shift of 1.18 ± 0.03 GHz/nucleon. 
The optogalvanic signal showed a linear dependence in 
laser power for 2.5 mW to 18 mW with no evidence of 
saturation. Changing the lamp current from 3 mA to 
14 mA also produced a linear increase in signal. Sim- 
ilar optogalvanic spectra were observed with a blind 
hollow cathode lamp (Cathodeon 3UX Yb, Ne buffer 
gas). With a lock- in amplifier time constant of r = 300 
ms the maximum signal to noise observed was 58. 



5 Discussion 

Hyperfine and isotope splitting have strong effects on 
the optogalvanic lineshape. In the case of the 935.2 nm 
transition, the splitting due to these effects is well re- 
solved. Previous spectroscopic work on this transition 
also gives a good idea of the composition of the expected 
spectrum iT]. 

In the case of the 638.6 nm transition, the broaden- 
ing of the transition linewidth due to homogeneous and 
inhomogeneous sources makes resolution of the split- 
ting difficult. Using theoretical estimates, the splitting 
spectrum that we expect to observe for the 638.6 nm 



in the well-resolved limit would contain 5 strong lines. 
This is based on the natural isotopic abundance of Yb"*" 
and the fact that the large number of hyperfine levels 
for Yb+ 173 (/ = 5/2) will be far weaker in intensity 
than the transition lines for the 171, 172, 174 and 176 
isotopes |TS]. We theoretically estimate the hyperfine 
splitting to be several GHz for Yb+ 171. The hyperfine 
splitting of the Yb"*" isotopes with even mass numbers 
will be zero, as these isotopes carry no nuclear spin. 

Although broadening of the linewidth prevents clear 
resolution of hyperfine and isotope structure, deviation 
from the Gaussian shape on the higher-frequency side of 
the spectrum at the higher pressure of 6.7 mbar shows 
discernible structure in the observed peak. Hints of fur- 
ther structure become evident in the main peak at the 
lower pressure of 0.67 mbar, suggesting that this main 
peak is made up of several broadened lines. 

As stated in Section[3J we obtained a 0.42 ± 0.08 GHz 
difference between the maximum homogeneous linewidths 
in the 6.7 mbar and 0.67 mbar discharges from mea- 
surements of signal saturation. This agrees with the 0.4 
GHz difference in total linewidth measured from the op- 
togalvanic spectra, showing that the absolute difference 
is dominantly due to pressure broadening. However, as 
the achieved reduction in linewidth is significantly less 
than the expected factor of 10 x for pressure broaden- 
ing, there is evidently another source of broadening. 



The residual pressure broadening at 0.67 mbar is < 50 
MHz, given that the expected hnear relationship holds. 

The contribution of power broadening on the line- 
width of the optogalvanic transition can be estimated 
to be < 100 MHz, by estimating a natural linewidth 
on the order of 10 MHz. The lack of any significant 
contribution by power broadening was also confirmed 
by illuminating the discharge with powers of less than 
1 mW and finding no noticeable difference in linewidth. 

From the analysis above, it is evident that Doppler 
broadening is the only possible remaining broadening 
mechanism for the low-pressure measurements of the 
638.6 nm line. The residual linewidth of the 638.6 nm 
transition appears to arise from the overlap of multiple 
unresolved Doppler-broadened lines. The temperature 
associated with a given Doppler linewidth is given by 



T = 



Mx'^n 



D 



8A:Bln2 ^^' 

for atoms of mass M and a Doppler-broadened FWHM 
linewidth Fu [15] . Results in the literature suggest that 
an expected temperature for a hollow-cathode discharge 
is 300 K, which would equate to a Doppler linewidth of 
approximately 440 MHz at 638.6 nm [12]. This level 
of Doppler broadening corresponds well with the opto- 
galvanic spectrum in Figure [3] observed at 0.67 mbar, 
being at a level where multiple lines spaced by < 0.5 
GHz are not be fully resolved. This lends weight to the 
possibility of structure observed in the low-pressure op- 
togalvanic spectrum. 

Preliminary calculations of hyperfine structure were 
performed by Dr. W. M. Itano of the National Institute 
of Standards and Technology, Boulder, CO, USA. The 
hyperfine A and B constants of the ^D[5/2]5/2 state 
and the ^F7/2 state have been estimated by a multi- 
configuration Dirac-Hartree-Fock method, utilising the 
GRASP package of atomic structure programs P^I^U] . 
The method is similar to the cross-optimisation method 
used to calculate the hyperfine structure of the Hg+ ion 
|21j . in which orbitals are optimised, stepwise, on dif- 
ferent configurations. 

At each step, the previously optimised orbitals are 
held fixed. In the first step, the {Is, 2s, 2p, 3s, 3p, 3d, 4s, 
4p, Ad, 5s, 5p} core orbitals and {4/, 6s} valence orbitals 
are variationally optimised on the J = (5/2, 7/2) lev- 
els of the 4/^'^6s^ configuration. Next, keeping the pre- 
viously optimised orbitals fixed, the {5/, 7s} orbitals 
are determined by minimising the energy of the ground 
state, which is 4/^'*6s in a first approximation. The 
5fi orbital is optimised on the 4/^^5(i( J = 3/2, 5/2) 
levels. The 6p orbital is optimised on the 4/^'*6p(J = 
1/2, 3/2) levels. In the final step, the {8s, 7p, 6d, 6/} 
orbitals are optimised on the lowest-energy odd-parity 
(J = 9/2, 11/2, 13/2) levels. 



This set of orbitals is used to generate a set of ba- 
sis states by making single and double replacements 
from a set of reference configurations. The final ap- 
proximate wavefunctions are calculated by relativistic 
configuration-interaction, i.e. by diagonalising the Dirac- 
Coulomb Hamiltonian matrix in this basis. The hyper- 
fine constants are evaluated by evaluating the expecta- 
tion values of the hyperfine energy operators in these 
wavefunctions. 

For the iD[5/2]5/2 state, A(Yb 171) = 199 MHz, 
A(Ybl73) = -55 MHz, and B{Yh 173) = -1720 MHz. 
For the '^Yy2 state, A{Yh 171) ^ 1105 MHz, 
A{Yh 173) = -304 MHz, and B{Yh 173) = -3680 
MHz. The only one of these constants for which there is 
an experimental measurement is A{Yh 171) = 905.0(0.5) 
MHz 8 , measured for the ^F7/2 state, which is about 
20% lower than the calculated value. Our data is con- 
sistent with the splitting for the ^D[5/2]5/2 state being 
much smaller than the ^F7/2 state splitting, agreeing 
with Dr. Itano's theoretical estimate. 

No theoretical results are available for the isotope 
shift of the 638.6 nm transition, but the normal mass 
shift is known to be small (on the order of a few MHz). 
The specific mass shift and field shift however are known 
to be far larger, providing the dominant contribution to 
the isotope shift. We can put an upper limit of approx- 
imately 375 MHz/nucleon on the isotope shift, given 
that there are at least three equally-spaced strong lines 
in the main peak with a combined linewidth of 1.5 GHz. 
The poorly resolved features in the low-pressure spec- 
trum have approximately a 750 MHz spacing and could 
correspond to the isotopes 172, 174 and 176 of Yb+. 

The interpretation of the 935.2 nm transition opto- 
galvanic spectra is substantially less complicated than 
that for 638.6 nm transition. The transition wavelengths 
for all isotopes excepting 168 (abundance 0.13%) and 
173 have previously been measured in trapped ion ex- 
periments. Our estimate of the isotope shift for the 
^D3/2 - ^D [3/2] 1/2 transition is in agreement with the 
1.3 ± 0.1 GHz/nucleon from previous discharge lamp 
work [T]. The small discrepancy between our measure- 
ment of 1.18 ± 0.03 GHz/nucleon and the 1.42 ± 0.07 
GHz/nucleon from measurements in single trapped ions 
[T7] is most likely due to shifts induced in the lamp 
measurements by overlap of the 170, 172 and 174 iso- 
tope peaks with the hyperfine structure of Yb"*" 171 
and 173. Agreement between the optogalvanic peaks 
and the published transition wavelengths for specific 
isotopes allows us to bound the overall lamp pressure 
shift as < ±60 MHz • mbar^^, limited by the absolute 
accuracy of our wavemeter. We also place an upper limit 
of 80 ± 1 MHz • mbar" ^ on the pressure broadening coef- 
ficient a for this transition, assuming that the linewidth 



of the Yb"*" 176 line is entirely due to pressure broaden- 
ing. The prospects for long term frequency stabilisation 
to the 935.2 nm optogalvanic signal are encouraging 
given the observed signal to noise ratio of 58 for sub- 
second averaging. 



6 Conclusion 

We have measured the optogalvanic response of the 
638.6 nm ^Fy2 " ^D[5/2]5/2 and 935.2 nm ^Dg/a - 
^D [3/2] 1/2 transitions in singly ionised Yb+. We ob- 
serve linewidths of 1.9 GHz and 1.5 GHz for the 638.6 
nm optogalvanic peak, using discharges with 6.7 mbar 
and 0.67 mbar of Ne buffer gas, respectively, where 
Doppler broadening is expected to be the cause of these 
large linewidths and the inability to resolve the split- 
tings. We performed measurements of the saturation 
curves in both pressure regimes, calculating the pres- 
sure broadening coefficient to be 70±10 MHz • mbar~^, 
and confirming that the source of the remaining broad- 
ening is inhomogeneous. The broadening prevents full 
resolution of transition lines in the main spectral peak, 
however our data is consistent with a much larger split- 
ting of the ^F7/2 state than the ^D[5/2]5/2 state, as 
predicted by our theoretical estimate. We can provide 
an upper limit to the isotope splitting of approximately 
375 MHz/nucleon. In our measurements of the 935.2 nm 
optogalvanic spectrum, we resolve with high signal-to- 
noise the peaks of the dominant isotopes of Yb+. We 
provide an upper bound of 80 ± 1 MHz • mbar^^ for 
the pressure broadening coefficient of this transition. 
The optogalvanic spectra observed in the 6.7 mbar dis- 
charge expand on the measurement made by Sugiyama 
et al [1]. Our results demonstrate that a high signal to 
noise ratio can be achieved within a discharge for mea- 
surements of both transitions, also showing that both 
transitions are well suited for applications in laser sta- 
bilisation [2. 
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